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Abstract
We study a cosmic string solution of an N=1-supersymmetric version of the
Cremmer-Scherk-Kalb-Ramond (CSKR) Lagrangian coupled to a vector superfield
by means of a topological mass term. The 2-form gauge potential is proposed to
couple non-minimally to matter, here described by a chiral scalar superfield. The
important outcome is that supersymmetry is kept exact both in the core and in the
exterior region of the string. We contemplate the bosonic configurations and it can






High-Energy Physics and theories for fundamental interactions strongly rely on the con-
cept of spontaneous symmetry breaking. In Cosmology, the common belief is that, at
high temperatures, symmetries that are spontaneously broken today have already been
exact in the early stages of the Universe. During the evolution of the Universe, there were
various phase transitions, associated with the chain of spontaneous breakdowns of gauge
symmetries.
Topological defects such as cosmic strings [1, 2, 3, 4], probably produced during "non-
perfect symmetry-breaking transitions" [5] are the object of our concern in this paper.
Cosmic strings appear in some Grand Unied Gauge Theories and carry a large energy
density [6]. In this way, they may provide a possible origin for the seed density per-
turbations which became the large scale structure of the Universe observed today [7].
These fluctuations would leave their imprint in the cosmic microwave background radia-
tion (CMBR) that would act as seeds for structure formation and then as builders of the
large-scale structures in the Universe[8]. They may also help to explain the most energetic
events in the Universe such as high energy cosmic rays[9].
In view of the possibility that Supersymmetry (su.sy) was realized in the early Universe
and was broken approximately at the same time as cosmic strings were formed, many
recent works investigate cosmic strings by adopting a supersymmetric framework [10, 11].
In the present work, we propose a possible model for supersymmetric cosmic strings.
More specically, we shall be dealing with consider the N=1-version of the Cremmer-
Scherk-Kalb-Ramond theory (CSKR). The anti-symmetric Kalb-Ramond tensor eld (KR)
was rst introduced within a string theory context[12]. More generally, p-form gauge elds
appear in many supergravity models [14]. In the cosmic string context, the KR-eld is an
important ingredient to describe a global U(1)-string [13], mainly because it brings about
a massless scalar that is responsible for a long-range attractive interaction.
To build up the supersymmetric extension of the CSKR model of our paper, three
superelds are required; it has a eld content and provides interesting results: the Kalb-
Ramond supereld is responsible for the stablility of the potential, the vacuum is su-
persymmetric, supersymmetry is not broken in the string core, and gauge symmetry is
broken without a Fayet-Iliopoulos term. The interesting feature of our model is that
supersymmetry is kept exact, i. e. we have a model where a genuinely supersymmetric
cosmic string appears, su.sy. being exact also in the exterior region to the string.
The outline of this paper is as follows: in Section 2, we start by presenting the (CSKR)
model in terms of superelds, a component-eld description is also carried out and the
on-shell version is nally presented. In Section 3, we devote some time to calculate and
discuss the gauge-eld propagators. Their poles are relevant in order to identify the
quanta that intermediate the interactions inside and outside of the string. Problems like
gauge and supersymmetry breakings, eld equations and vortex congurations, as well
the behaviour of the solutions inside and outside the defect, are the matter of Section
2
4. Section 5 is devoted to the study of the Bogomol0nyi duality conditions. Finally, in
Section 6, we draw our General Conclusions.
2 Setting up a supersymmetric cosmic strings
In this section, we study the N = 1-supersymmetric version of the CSKR model with
non-minimal coupling to matter, envisaging the construction of a cosmic string.
The ingredient superelds of the model are a chiral scalar supermultiplet, , the gauge
superpotential, V, and a chiral spinor-valued supereld, G [15].


















Below, we give the θ-component expressions of the supereld above, where V is already
assumed to be in the Wess-Zumino gauge:
 = e−i
µ¯@µ [ϕ(x) + θaχa(x) + θ
2S(x)]; (2.2)

















Our conventions for the supersymmetry (su.sy.) covariant derivatives are given as below:
Da = ∂a − iσaa˙θa˙∂;
Da˙ = −∂a˙ + iθaσa˙a∂. (2.6)
For a detailed description of the component elds and degrees of freedom displayed in
(2.2-2.4), the reader is referred to the paper of ref. [15].
As it can be readily checked, this action is invariant under two independent sets of
Abelian gauge transformations, with parameters
φ(x) ! φ0(x) = φ(x)eiΛ(x),
A(x) ! A0(x) = A(x)− ∂(x),
B(x) ! B0(x) = B(x) + ∂ξ(x)− ∂ξ(x),
(2.7)
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where the arbitrary functions  and ξ vanish at innity. The topological term present
in (2.1), mVG, will play a crucial role in the analysis of the breaking of supersymmetry,
as we shall nd out in next section.
When we write the action in terms of components elds, we obtain the following















− 2mM = 0. (2.9)























]2  0. (2.11)
This potential shall be thoroughly discussed in the next section, in connection with the
study of the breakdown of the U(1)-symmetry. Notice that U is non-negative, as expected
by virtue of supersymmetry.
Using (2.8) and (2.9), we next eliminate S and  from the component-eld action and
rewrite the Lagrangian density exclusively in terms of the physical component elds. The
Lagrangian takes now the form:
L = LB + LF + LY − U, (2.12)
where the bosonic part, LB, reads:




k + mA∂B ,
(2.13)
with
P = 1− g2jφj2e−2gM . (2.14)









whereas the Yukawa Lagrangian is given as below:
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LY = iN Γ5 +
[












N = m + ghjφj2e−2gM . (2.17)
The current J that appears in LY can be expressed according to:
J = −ih
2




∂ + ihA + ig ~G
)
ϕ. (2.19)
At last, the covariant derivative with Γ5-couplings is given by
r5X =
(
∂ − ihAΓ5 − ig ~GΓ5
)
X. (2.20)
The topological current, namely, the one whose divergencelessness follows without any
reference to equations of motion or to symmetries is given by
K = ∂( ~F
 + ~B). (2.21)
However, due to the absence of magnetic monopoles the rst term can be thrown away
and we get
K = ∂ ~B
 , (2.22)
∂K
  0. (2.23)






where B stands for the magnetic-like eld (a scalar) associated to the 2-form potential,
which is known to be the divergence of a vector potential:
B = ~r.~b. (2.25)
The model is now completely set up. Next, we shall discuss the spectrum of excitations
in order to get relevant information on the interactions mediated by the gauge particles.
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3 The analysis of the propagators
The aim of this section is to compute the propagators for the gauge-eld excitations.
For the sake of generality, we shall suppose that both scalars, φ and M , acquire non-
vanishing vacuum expectation values, < jφj >= η and < M >= ρ. Whether or not η end
ρ vanishing will be seen when we will study the minimum of the potential and we will
discuss the spontaneous breaking of the symmetries (Section 4).
For this purpose, we parametrise φ as below:
φ = [φ(x)0 + η]eiΣ(x), (3.1)
where φ0 is the quantum fluctuation around the ground state η.
To analyse the propagators, we need to write the bosonic Lagrangian in terms of the
physical elds φ0, A and B . This Lagrangian can be decomposed into two parts: the
kinetic part LK and the interaction part LI . We are just interested in the , A and
B elds, then the bosonic sector of the Lagrangian (2.13) interesting for our present
purposes read as follows:
LK = 14FF  − (1− g2ζη2) ~G ~G + 2(m + ghζη2)A ~G+−2hζη2∂A + h2ζη2AA + ζη2∂∂. (3.2)






where A = (, A, B) and O is the wave operator. We notice that  mixes with A.
However, if we adopt the t’Hooft R-gauge, they decouple from each other. So, the −
propagator can be derived independently from the propagators for the (A, B) sector.
In order to invert the wave operator, we have to x the gauge so as to make the matrix











To read o the gauge-eld propagators, we shall use an extension of the spin-projection
operator formalism presented in [16, 17]. In this work, we have to add other new operators
coming from the Kalb-Ramond terms. The two operators which act on the tensor eld
are:
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(P 1e ); =
1
2
(Ω −Ω −Ω + Ω), (3.7)
where  and Ω are, respectively, the transverse and longitudinal projection operators,
given by:










In order to nd the wave operator’s inverse, let us calculate the products of operators
for all non-trivial combinations involving the projectors. The relevant multiplication rules
are as follows:
(P 1b );S























A = M1 + M2Ω ; (3.13)
B = −M3Sk; (3.14)
C = M3S ; (3.15)
D = M4(P
1
b );k −M5(P 1e );k, (3.16)



















where ζ is dened by ζ = e−2g.







where the quantities X, Y , Z and W are:
X = (A−BD−1C)−1,
Z = −D−1CX,
W = (D − CA−1B)−1,
Y = −A−1BW,
(3.19)




























(P 1e )γk. (3.22)
As for the −  propagator, it comes out as
<  >= −[αζη2( 1
α
2− 2h2ζη2)]−1 = [2αζη2M2]−1 (3.23)
The poles of the transversal part of the A and B propagators (3.20)-(3.22) are the
same and given by
k2 = 2h2ζη2 + 8
(m + hgζη2)2
(1− g2ζη2) . (3.24)
Therefore, A and B no longer mediate long-range interactions, and the energy-
momentum tensor outside the matter vanishes very fast. The next step is to combine
this result with vortex conguration to construct one particular type of ordinary cosmic
string.
4 The cosmic string field configuration
We will nally analyse the possibility of obtaining the cosmic string based on the bosonic
Lagrangian Eq(2.13).
The vacuum of the theory is obtained by analysing the minimum of the potential given
by Eq.(2.11). This system has an extremum at jφj = 0. This extremum corresponds to




with < jφj >= η, < M >= ρ and ζ = e−2g.
The minimization of our potential reveals an interesting feature: in the string core,
neither gauge symmetry nor supersymmetry are broken; on the other hand, outside of
the defect, gauge symmetry is spontaneously broken by < φ >, while su.sy. is still kept
exact.
In the string core: < φ >=< M >= 0, so no breaking takes place. Outside the string
core: < φ >= η 6= 0, < M >= ρ 6= 0, U = 0; only gauge symmetry is broken.
This might be of interest if we keep in mind the possibility that cosmic strings might
have been formed before the phase transition leading to su.sy. breaking. This means that
su.sy at the string core is an inheritance of the su.sy. era.







This conguration has the same form of ordinary cosmic string [18]. parametrized in
cylindrical coordinates (t, r, θ, z), where r  0 and 0  θ < 2pi. The boundary conditions
for the elds ϕ and A(r) are
ϕ(r) = η r !1
ϕ(r) = 0 r = 0
A(r) = 0 r !1;
A(r) = 1 r = 0.
(4.2)
We propose the following vacuum conguration for the eld M-eld:
M = M(r), (4.3)
with the following boundary conditions:
M(r) = ρ r !1;
M(r) = 0 r = 0.
(4.4)
The vortex conguration for the dual eld, ~G, which preserves the cylindrical sym-





with boundary conditions given by:
G(r) = 0 r !1;
G(r) = 0 r = 0.
(4.6)
We can see that the G-eld eld does not have propagation outside of the string. The
only non-vanishing component is θ, because it is the only one that couples to gauge eld
A.
The Euler-Lagrange equations stemming from eq.( 2.13), combined with the vortex










− h2ϕ3e−2gM + 2hmMϕ − H
2ϕ
r2
− 2gM 0ϕ0 + g2M 02ϕ = 0, (4.7)
where the eld strenght, H, is dened by
H2 = A2 + G2 + 2AG. (4.8)













hG− 2h2[Aϕ2 + Gϕ2]e−2gM = 0. (4.9)
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These equations have a diferent form from ordinary cosmic string, but are compatible
with its vortex conguration.
The dynamics of the M-eld is governed by:
1
r
P(rM 0)0 − 2g2ϕ0M 0e2gM + gX 2 − gH
2
r2
ϕ2e−2gM − Y = 0, (4.10)
where we dene
X 2 = g2ϕ2M 02 + ϕ02e2gM ;
Y = −(hmϕ2 + 2ghmMϕ2)e−2gM + 2m2M − gh2ϕ4e−4gM . (4.11)
The term labeled by Y comes from the derivative of the potential.




A− g2ϕ2 (A + G) e−2gM ]0 = 0; (4.12)
We point out that the M-and-G-elds are essential in this formulation of ordinary cos-
mic string. As shown, the M-eld appears in the eq.(2.11) of the potential, is responsible
for its shape and provides that supersymmetry does not break.
These equations of motion do not have an exact solution, but they can be better
handled by considering the Bogomol0nyi limit [19]. We show that in the supersymmetric
CSKR theory, we can nd the limit where the equations of motion can be written as rst
order equations. In the next section we will show that the M-and-G-elds are related to
each other by means of the Bogomol0nyi equations.
5 Bogomol0nyi limit
In this section, we show that it is possible to nd the energy-momentum tensor for a thin
cosmic string in the CSKR theory, in the flat space and we analyse the possibility of to nd
a Bogomol0nyi solution compatible with the Bogomol0nyi bound. The energy-momentum
tensor is dened as




The non-vanishing components of the energy-momentum tensor are


















From (5.2) we see that the boost symmetry is not break. This is related to the absence
of current in z-direction, as in the usual ordinary cosmic string.
The transveerse components of the energy-momentum tensor are given by:
T rr = −ϕ02e−2gM +
A2ϕ2
r2










+ U ; (5.3)















where P is the same that was dened in eq.(2.14), and R is
R(r) = 1 + g2ϕ2e−2gM . (5.5)
This energy-momentum tensor has only an r-dependence.




T tt rdr, (5.6)
with T tt given by Eq.(5.2). This can be written as














































Integrating by parts, and using the boundary conditions, we nd
E  8pimρ/h. (5.9)
In this Bogomonl0nyi limit, there is not forces between vortices and the equations of
motion are of rst order. The search for a Bogomol0nyi bound for the energy yields the






− hϕ2e−2gM + 2mM




with G given by eq.(4.9). With these equations, the transversal components of the energy-
momentum tensor density vanish and we get in the sense of the distribution:
12
T  = Ediag(1, 0, 0, 1)δ(x)δ(y) (5.11)
This analysis provides a complete description of bosonic cosmic strings and we realize
that is possible to nd a consistent energy-momentum tensor on the bosonic sector.
6 Conclusions
In this work, we have shown that we can obtain a cosmic string in a supersymmetric
scenario with the peculiarity that no supersymmetry breaking takes place. The fact that
susy does not break in the CSKR theory is mainly due to the presence of the M-eld,
partner of the B-eld, introduced in the Kalb-Ramond supereld.
Introducing gravity in the model opens up a series of interesting questions to tackle.
Gravity by itself in connection with cosmic strings is a relevant matter. However, aside
from that, a number of other points will emerge that are worthwhile to elucidate. Coupling
supergravity to the model of action (2.1) raises the question of analysing how the Ka¨hler
σ-model associated to the sector of matter elds influences on the string formation.
Another point that we would like to address to concerns the topological charge of
our solution. From the analysis of the propagators (Section 3), we clearly see that the
correlation functions for the A-and-B-elds falls o outside the string. Since the topo-
logical charge, Q, gets contribution exclusively from the magnetic scalar B, (which is the
divergence of the vector potential, ~b  B0i), it readily follows that Q vanishes, for it only
feels the Kalb-Ramond potential, ~b, at innity. The stability of the solutions is ensured
by the topological charge conservation. We have a solution that lives in the Q = 0-sector
and it is therefore stable.
Finaly, an interesting point we should analyse further concerns the property of super-
conductivity of the string and the consideration of a non-trivial fermionic background.
The latter is relevant in conection with supersymmetry breaking. So, by coupling to su-
pergravity, a spontaneous su.sy. might be induced and the careful analysis of the fermion
background would be an interesting possibility to be contempleted.
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